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BIG CREEK FLOOD CONTROL PROJECT
CLEVELAND, OHIO

PHASE II
GENERAL DESIGN MEMORANDUM

APPENDIX D

DESIGN ANALYSIS

SECTION A

INTRO DU CTION

Dl. Purpose. The purpose of this Appendix is to present the design
criteria, procedures, and calculations associated with the design of the
principal features of the Big Creek Flood Control Project.

D2. Previous Studies. Prerequisites to this Appendix are Appendix A:
Soil, Geology, and Construction Materials; Appendix B: Alternative stud-
ies; and Appendix C: Hydrology and Hydraulics. The results of the sub-
surface exploration program, presented in Appendix A, established the
general adequacy of the site for the flood control project. The field and
laboratory testing program determined the various engineering properties
of the project soils and borrow material required for the design analysis.
In Appendix B, various alternatives for the principal features of the pro-
ject were studied, and an alternative was selected for final design. The
water surface profile presented In Appendix C was used for setting the tops
of the various containment structures, and the channel velocities present-
ed in Appendix C were used for sizing riprap and gabion protection.

DI



SECTION B

STRUCTURAL DESIGN

D3. General. This Section presents the basic data, design criteria,
assumptions and loading conditions used in designing the various struc-
tures of the Big Creek Flood Control Project. Design computations for the
hydraulic structures are presented in Subappendix Dl. Design computa-
tions for the relocated Baltimore and Ohio Railroad mainline bridge, the
Baltimore and Ohio Railroad spurline bridge, and the temporary trestle
for the Norfolk and Western Railroad are presented in Subappendix D2.

D4. Design Criteria. Design stresses, design criteria, loading con-
ditions, assumptions and methods were based on applicable Corps of
Engineers' engineering and design manuals or on industry codes, supple-
mented where necessary by conservative judgment and experience. Pub-
lications used in establishing design criteria include the following:

Manuals - Corps of Engineers

(1) EM 1110-2-2000, 1 November 1971, "Standard Practice of Concrete".
(2) EM 1110-2-2101, 1 November 1963, "Working Stress for Structural

Design".
(3) EM 1110-2-2103, 21 May 1971, "Details of Reinforcement-

Hydraulic Structures".
(4) EM 1110-2-2400, 2 November 1964, "Structural Design of Spillway

and Outlet Works".
(5) EM 1110-2-2501, 18 June 1962, "Floodwalls".
(6) EM 1110-2-2502, 29 May 1961, "Retaining Walls".

Engineering Technical Letters-Corps of Engineers

(1) ETL 1110-2-184, 25 February 1974, "Gravity Dam Design-Stability".
(2) ETL 1110-2-236, 30 June 1978, "Design Criteria-Paved Con-

crete Flood Control Channels".

Other Publications

(1) ACI Building Code (ACI 318-77).
(2) ACI Design Handbook (ACI SP-3).
(3) ACI Design Handbook (ACI SP-17-73).
(4) AISC Manual of Steel Construction, 1970, with supplement dated

September 1978.
(5) Manual for Railway Engineering, American Railway Engineering

Association, 1975.
(6) Stresses in Framed Structures, Hool and Kinne, 1942, McGraw Hill.
(7) Standard Specifications -for Highway Bridges, American Association

of State Highway and Transportation Officials, 1977 and 1978 Interim.
(8) Structural Welding Code. Dl. 1-75 including Revision 1-76 and

Revision 2-77, American Welding Society.

D2
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D5. Concrete. The reinforced concrete hydraulic structures were design-
ed with working stresses given in the ACI Building Code and based on an
ultimate compressive strength (f'c) of 3,000 psi at 28 days. Working stress
modifications for hydraulic structures are in accordance with EM 1110-2-
2101. Reinforced concrete railroad structures were designed with working
stresses given in the AREA Manual and based on an ultimate compressive
strength (fc of 3,000 psi at 28 days.

D6. Concrete Working Stresses. The following table lists the concrete
and reinforced concrete working stresses used in design.

Concrete Working Stresses
Hydraulic Structures

Working Stress
(p~si)

Compressive Stress (f'c
Vc= 3, 000 psi

Flexure (fcr)
Extreme fiber stress in compression,

0.35 Vc________________ 1,050

Extreme fiber stress in tension (plain concrete
for footings, walls, and on downstream
toe of spillway weir, but not for other
portions of gravity sections) 1. .2 _4'' ___ 66

Extreme fiber stress in tension (for other portions
of gravity sections, where permitted by
pertinent engineering manual) 0. 6 J?...c 33

Shear (y) (As a measure of diagonal tension at a distance
"d" from the face of the support).

Beams with no web reinforcement, 1. -VfiN7 60

Members with vertical or inclined web rein-
forcement or properly combined bent
bars and vertical stirrups, 5. 5 - ' 300

Slabs and footings, 2 -____________ 110

Bond Wu
With "D" equal to the nominal bar diameter in

inches, the bond stress shall not
exceed the following:

For tension bars with size and de-
formation conforming to ASTM A 615, A 617:
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Top Bars 3.4 -fc, 350 Max.

D
Bars -ther than top bars 4.8 -O, 500 Max.

D

Bearing (f c)
On full area, 0 25 f' 750
On one-third area or iess, 0.375 fV 1,125

When the loaded area is greater than one-third but less than the
full area, the bearing stress will be interpolated between the values given.

Modular Ratio (n)
n =9.2

Concrete Working Stresses
Railroad Structures

(AREA) Working Stress

Compressive Stress (f'c)
PC = 3,000 psi

Flexure (f.)
Extreme fiber stress in compression,

0.45 f'c 1,350

Shear (v) (As a measure of diagonal tension at a distance
"d" from the face of the support).

Slabs and footings (peripheral shear,
Sec. F, Art. 8) 2 '_ Rc 110

Bond (u)
(1) Tension bars No. 3 - No. 11 with deformations

conforming to ASTM A 615, A 617 ("D" is
the nominal diameter of bar, inches):

Top Bars 3 . f4[c, 350 Max.

D
Top bars in reference to bond are
horizontal bars so placed that more than
12 inches of concrete is cast in the
member below the bar.

Bars other than top bars 4.8 -J c, 500 Max.

D
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(2) All compression bars with deformations
conforming to ASTM A 615, A 617 6.5 f'c, 400 Max.

Bearing (f-) D
Full area loaded, 0.25 fc 750

Modular Ratio (n)
The ratio of the modulus of elasticity of steel

to that of concrete, Es/Ec, equals "n"
and shall be based upon the compressive
strength of the concrete as follows:

For V'c (psi) between 3,000 and
3,999 n = 10

D7. Reinforcing Steel. All reinforcing steel bars for both the hydrau-
lic structures and the railroad structures were designed for the working
stresses of new billet steel, intermediate grade, deformed bars conform-
ing to ASTM A 615 or A 617, Grade 40. Working stresses for hydraulic
structures are in accordance with the requirements of the ACI Building
Code, except as modified in EM 1110-2-2101. The flexural (fs) working
stress, with or without axial loads, is 20,000 psi for both the hydraulic
structures and the railroad structures.

D8. Minimum embedment lengths and splice lengths for the hydraulic
structures conform to ACI 318-77 and EM 1110-2-2103. Minimum embed-
ment lengths and splice lengths for the railroad structures conform to
the AREA Manual. Splices at points of maximum moments were avoided
and, where possible, were staggered in adjacent bars. When the struc-
tural analysis indicated that bending and direct stress exists under the
critical loading, reinforcing steel, if required, was computed for both
bending moment and axial load.

D9. Temperature and shrinkage reinforcement for the hydraulic struc-
tures was in accordance with the applicable requirements of ACI 318-77,
EM 1110-2-2103, and EM 1110-2-2400. Temperature and shrinkage rein-
forcement for the railroad structures was in accordance with the AREA
Manual.

D10. Structural Steel. Structural steel was designed for ASTM A36,
Fy = 36,000 psi. Bolted connections were designed for ASTM A325,
H.S. Bolts.

DIl. Basic Data and Assumptions. The following basic data and
assumptions were used in design of the hydraulic structures:

(1) Dead loads (pounds per cubic foot).
compacted backfill, saturated 125
compacted backfill, moist 125
compacted backfill, submerged 62.5
concrete, plain and reinforced 150
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(2) Live loads.
water (pounds per cubic foot)_______ 62 .5
wind (pounds per square foot) _______30.0

live load surcharge - equivalent to 2 feet o
soil

()Water pressure.
Hydrostatic pressure as in submerged fill and free water,
were applied to structures by conventional pressure dis-I
tribution. Uplift pressures are treated in subsequent
paragraphs where loading conditions are given.

(4) Earth pressures.
Vertical earth loads were given unit weight in accor-
dance with assigned loading conditions. In general,
lateral earth pressures were determined in accordance
with Corps of Engineers' manual EM 1110-2-2502.

(5) Frost protection.
A minimum protective earth cover of 4 feet was used for
frost protection.

D 12. joints in Concrete Construction. joints in concrete construction
will be provided as follows:

(1) Horizontal and vertical contraction ioints.
The concrete elements of the various structures will be
separated by contraction joints to relieve restraint and
minimize the development of cracks. Reinforcement will
not extend across the joints, and concrete bond will be
broken by the application of a bituminous coating. Rubber
or polyvinyl- chloride waterstops will be used in contrac-
tion joints to prevent water flow and subsequent damage.
For concrete structures that function similar to floodwalls
and have a design water surface that is higher than the
adjacent existing ground surface, waterstops will be used
in horizontal and vertical contraction joints to prevent
water flow from the channel side to the land side of the
structure. For concrete structures that will act solely as
retaining structures, waterstops will be used in vertical
contraction joints to prevent piping of backfill material
through the contraction joints. Waterstops will not be
used in horizontal contraction joints of concrete struc-
tures founded on rock.

(2) Horizontal and vertical construction ioints.
These joints will be located to facilitate construction pro-
cedure and minimize shrinkage cracks. The reinforcement
will be continuous through the construction joint.

(3) Expansion Joints
Expansion joints will be provided for volume change of
the concrete, prevention of spa Iling, and prevention of
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serious effects from cracking. A premolded 1/2-inch joint filler will be
installed in the Joints.

D13. Railroad Bridges and Temporary Trestle. The Baltimore and Ohio
Railroad mainline and spurline bridges and the temporary trestle for the

) Norfolk and Western Railroad were designed in accordance with the
American Railway Engineering Association (AREA) Manual for Railway Enql-
neerina. Chapter 8 - Concrete Structures and Foundations and Chapter 15 -
Steel Structures.

D14. The superstructures were designed for loads and forces as shown
in AREA Chapter 15 with recommended live load Cooper E80 with diesel
impact. AREA recommends Cooper EBO loading for steel structures (Page 15-
1-6). Structural steel was designed for ASTM A36, Fy 36,000 psi. Bolted
connections were designed for ASTM A325, H.S. Bolts. Fatigue design
was in accordance with American Welding Society (AWS) Structural Welding
Code D1.1, Revision 2-77. All welding was designed in accordance with
AREA and AWS criteria.

D15. The substructures were designed for loads and forces as shown in
AREA Chapter 8 with recommended live load Cooper E72 without impact.
AREA recommends Cooper E72 loading for concrete structures (Page 8-2-3).
Ice and stream flow loads were in accordance with the American Association
of State Highway and Transportation Officials Standard Specifications for
Highway Bridges, 1978 Interim. Abutments and wings were designed as
semi-gravity type founded on rock with an allowable foundation pressure
of 10 kips per square foot. Structural backfill shall be AREA Type 1 gran-
ular backfill.

D16. The temporary trestle was designed for the same loads and forces
as the superstructures. Structural steel, bolted connections, and weld-
ing design were the same as for the superstructures. Piles were designed
for HP12 x 74, ASTM A36, with maximum allowable design pile load equal
to 100 tons based on 9,000 psi point pressure.

D17. Concrete Chute-Transition At Upstream End of Protect. The chute-
transition at the upstream end of the project was designed as two reinforced
concrete L-walls with a reinforced concrete slab between. The same de-
sign was used for both the section of the zoo access road immediately adja-
cent to the chute-transition and for the section of road leading to the Brook-
side Park Drive underpass that is immediately adjacent to the chute-
transition. Reinforced concrete keys will be provided at both the upstream
and downstream ends of the chute-transition. There is no specific design
requirement for these keys; however, based on engineering judgment it is
felt that for a hydraulic structure of this type keys are desirable. The key
at the upstream end of the structure will reduce underseepage, and it will
lessen the possibility of undermining of the slab if erosion of the upstream9soil occurs. The key at the downstream end of the structure will reduce
underseepage, and it will help in preventing the underdrainage system from
being overtaxed. A drainage system will be provided behind the walls, and
a subdrainage system will be provided for the slabs. Design computations
are presented in Subappendix Dl.
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D18. The L-walls were designed as retaining walls except for about a
50-foot reach at the right bank near the downstream end of the two-barrel
conduit. Along this reach, the chute-transition will be close to the end
of the two-barrel conduit, and the amount of backfill that can be placed is
limited. The lowest point of the top of backfill is at about the chute-
transition grade. This reach of wall was designed as a floodwall. The
sudden drawdown condition was used for the retaining wall design. The
design flood condition was used for the floodwall design. Loading condi-
tions are as follows:

Case I - Sudden Drawdown Condition

(a) Chute-transition empty.
(b) Backfill at maximum elevation (6 inches below top of wall).
(c) Backfill submerged to an elevation midway between the design

water surface and bottom of slab (corresponds to the assump-
tion of a 50 percent effective wall drainage system).

(d) Backfill above the level of submergence naturally drained.
(e) Lateral earth pressure from backfill based on an active

pressure coefficient (Ka = 0.33).
(f) Uplift across the base varies uniformly from reduced hydro-

static head at heel to 3-foot hydrostatic head at inside face
of wall. Uniform 3-foot hydrostatic head from inside face of
wall to toe of wall.

Case II - Design Flood Condition.

(a) Water surface at design elevation.
(b) Backfill at minimum elevation.
(c) Backfill naturally drained.
(d) Uplift varying uniformly across the base.

D19. Stability criteria for the L-walls is as follows:

(1) Resultant shall be within the middle third of the base.
(2) Sliding FactorlIH/YV shall not exceed 0.60.
(3) Maximum foundation pressure shall not exceed 2 kips per

square foot.

D20. The slab between the walls was designed with consideration given
to its dual purpose. It will be used as both a floodway channel and a road-
way. Although a subdrainage system will be provided, it is not assumed
to be 100 percent effective. The slab at the downstream end of the chute-
transition will have a zero percent slope. A head will have to develop in
the subdralnage system in order to drain subsurface water. The slab was
designed to resist a uniform uplift equal to a 3-foot hydrostatic head. The
slab design and subdrainage system is presented in Subappendix Dl.

D21. Concrete Transition at End of Three-Barrel Conduit. The transition
at the end of the three-barrel conduit was designed as two reinforced con-
crete L-walls with a reinforced concrete slab between. The upstream end
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of the transition will tie into the existing slab and wingwalls. A reinforced
concrete key will be provided at the downstream end of the transition. A
drainage system will be provided behind the walls; and weep holes, drilled
10 feet into rock, will be provided in the bases of the L-walls and in the
middle slab. The drainage system is needed to reduce hydrostatic pres-
sures that are expected to develop from the sudden drawdown condition.
The 10-foot depth of the weep holes is based on engineering judgment.
For similar hydraulic structures on other projects, this depth has been
used for weep holes in rock. Design computations are presented in Sub-
appendix Dl.

D22. The L-shaped walls were designed for the sudden drawdown con-

dition. Loading conditions are as follows:

Sudden Drawdown Condition.

(a) Water in the transition at channel grade.
(b) Backfill 6 inches below top of wall.
(c) Backfill submerged to an elevation midway between the

design water surface and channel grade (corresponds to
the assumption of a 50 percent effective drainage system).

(d) Backfill above the level of submergence naturally drained.
(e) Lateral earth pressure from backfill based on an attest

pressure coefficient (Kr = 0.60).
(f) Uplift uniform across the base (pressure equal to reduced

hydrostatic head in backfill).

D23. Since the L-walls will be founded on rock, an at-rest earth pres-
sure coefficient was used. In accordance with EM 1110-2-2502, Para-
graph 4e, when using at-rest pressures, resultants located outside the
middle third are acceptable, provided that maximum foundation pressures
are within safe values. The stability criteria is as follows:

(1) Resultant shall be within the middle half of the base.
(2) Shear-friction factor of safety shall not be less than 4.
(3) Maximum foundation pressure shall not exceed 10 kips per

square foot.

D24. The slab between the L-walls was designed to resist a uniform up-
lift based on the head from the sudden drawdown condition. This corre-
sponds to the assumption of a 50 percent effective drainage system. Anchor
bars will be provided as required to ensure stability of the slab.

D25. Concrete Flume and Retaining Walls at West 25th Street Bridge.
The flume at the upstream end of the diversion channel was designed as a
reinforced concrete U-frame. A reinforced concrete key will be provided
at the downstream end of the flume. A drainage system will be provided
behind the walls; and weep holes, drilled 10 feet into rock, will be provided
in the slab. The right side of the flume that is adjacent to the West 25th
Street bridge pier will require a special bracing system to resist surcharge
loading from the bridge pier. The bracing system will consist of pre-cast
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reinforced concrete lagging, vertical structural steel beams, and structural
steel struts. The bracing system will become an integral part of flume.
The flume was checked for stability against flotation, and it was found to
be adequate. Design computations are presented in Subappendix Dl.

D26. The flume was designed for the following loading condition:

Sudden Drawdown Condition

(a) Flume empty.
(b) Backfill 6 inches below top of wall.
(c) Backfill submerged to elevation midway between the design

water surface and flume grade (corresponding to the assump-
tion of 50 percent effective drainage system).

(d) Backfill above level of submergence naturally drained.
(e) Lateral earth pressure from backfill based on an at-rest pres-

sure coefficient (Kr = 0.60).
(f) Uniform uplift across the base (pressure equal to the reduced

head in the backfill).(g) Surcharge loading from Bridge Pier No. 14 where required.

D27. At the upstream end of the flume, the wingwalls at the right bank
and the wall between the flume and the new Baltimore and Ohio Railroad
mainline bridge abutment were designed as reinforced concrete T-walls.
Reinforced concrete keys will be provided at the toes of the walls. A
drainage system will be provided behind the walls. Design computations
are presented in Subappendix Dl.

D28. The T-walls were designed for the following loading condition:

Sudden Drawdown Condition

(a) Channel empty.
(b) Backfill 6 inches below top of wall.
(c) Backfill submerged to elevation midway between the design

water surface and the channel grade (corresponding to the
assumption of 50 percent effective drainage system).

(d) Backfill above level of submergence naturally drained.
(e) Lateral earth pressure from backfill based on an at-rest pres-

sure coefficient (Kr = 0.60).
(f) Uniform uplift across the base (pressure equal to the reduced

hydrostatic head in the backfill).

D29. Since the T-walls will be founded on rock, an at-rest earth pres-
sure coefficient was used. Stability criteria is the same as outlined in
Paragraph D23.

D29a. Foundation Conditions for Concrete Structures. Project soils con-
sist principally of sandy, silty clay. Bedrock at the project site is pre-
dominately gray shale that is horizontally bedded. A detailed discussion
on the soils and geology at the project site and the results of the subsur-
face exploration and testing programs are presented in Appendix A. Except
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for the chute-transition at the upstream end of the project, all concrete
structures will be founded on rock. As discussed in Appendix A, the shale
has the characteristic of air-slaking. For the concrete structures founded
on rock, the concrete will have to be placed on the foundation Immediately
after excavating to final grade, or the foundation surface will have to beI
protected, such as being kept continuously wet.

D29b. The chute-transition will be founded on natural overburden materialI
consisting principally of sandy, silty clay, classified as CL. Based on
computations presented in Subappendix Dl, an allowable foundation pres-
sure of 2.0 kips per square foot was selected for the soil foundation. The
two-barrel conduit is located beneath a portion of the chute-transition.
Care will have to be exercised during construction so as not to damage this
conduit. Some dewatering is anticipated during construction at the down-
stream end of the chute-transition.

D29c. The concrete transition at the end of the three-barrel conduit will
be founded on a gray, silty shale. Core borings indicate that the founda-
tion is adequate for the structure. For design, the maximum allowable
foundation pressure was set at 10 kips per square foot. As the structure
will be constructed in existing Big Creek, diversion and dewatering will
be required during construction.

D29d. The flume at the upstream end of the diversion channel and the
associated walls at the upstream end of the flume will be founded on a
gray shale. Core borings indicate that the foundation is adequate for
these concrete structures. The maximum allowable foundation pressure
was set at 10 kips per square foot for design. As the flume will be loca-
ted between the existing piers of the West 25th Street bridge, care will
have to be exercised during construction in order not to damage the exis-
ting piers. It is anticipated that some dewatering will be required during
construction.

D29e. The two abutments of the Baltimore and Ohio Railroad mainline
bridge and the two abutments and pier of the Baltimore and Ohio Railroad
spurline bridge will be founded on a gray, silty shale. Bottoms of footings
will be placed in the shale and a value of 10 kips per square foot was
assigned for maximum allowable foundation pressure. As the concrete

4 structures will be constructed in existing Big Creek, diversion and de-
watering will be required during construction.
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SECTION C

RIPRAP AND GABION DESIGN

D30. General. This Section presents the basic data, design criteria,
and assumptions used in designing the channel bottom and side slope pro-
tection for the Big Creek Flood Control Project. Also included in this
Section is the design of the protection required for the drop structures.

D31. Design Criteria. Design criteria, assumptions, and methods
were based on applicable Corps of Engineers' engineering and design
manuals, supplemented where necessary by conservative judgment and
experience. Publications used in establishing design criteria include the
following:

Manual - Corps of Engineers

(1) EM 1110-2-1601, "Hydraulic Design of Flood
Control Channels", 1 July 1970

Engineering Technical Letter - Corps of Engineers

(1) ETL 1110-2-120, "Additional Guidance for Riprap
Channel Protection", 14 May 1971

Other Publication

(1) Technical Report H-75-19, Fourmile Run Local
Flood-Control Project, Alexandria and
Arlington County, Virginia, Hydraulic Model
Investigation, U.S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi
39180, December 1975

D32. Riprap Design. The riprap was designed in accordance with the
method presented in EM 1110-2-1601 and ETL 1110-2-120. Average chan-
nel velocities were used to determine riprap size. Where the channel is
curved, a bend-loss factor(BLF) was computed by the following formula
from EM 1110-2-1601, Plate 34:

BLF = 3.10 W-) 0.5

R = Centerline radius of channel curve in feet.
W = Top width of channel in feet, computed by

projecting the channel sideslopes to design
water surface.

A nonuniform flow factor of 1. 5 was used. If the BLF exceeded the nonuni-
form flow factor, the BLF was used in lieu of the nonuniform flow factor.
Computations for riprap design are presented in Subappendix D3. The
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gradation of 12-inch thick riprap and 18-inch thick riprap is presented in
Appendix A.

D33. Gabion Design. As an alternative to the use of riprap, the use
of gabions was considered in Appendix B, Alternative Studies. The re-
sults of the Alternative Studies showed that gabions are less expensive
than riprap where required riprap protection is 24-inch thick or greater.
The required gabion thickness is set equal to one-half the required riprap
thickness. As discussed in Appendix B, this gabion-riprap relationship
was established from model tests for the Fourmile Run Local Flood-Control
Project.

Technical Report H-75-19, Fourmile Run Local
Flood-Control Project, Alexandria and Arlington
County, Virginia, Hydraulic Model Investigation,
U.S. Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi 39180, December 1975.

If 24-inch thick riprap is required, then only a 12-inch thick gabion would
be required. The gradation of stone used to fill gabion baskets is present-
ed in Appendix A.

D34. Freeboard. The top of riprap and gabion protection was set
3.0 feet vertically above design water surface on the levee slope and
2.5 feet on all other channel slopes.

D35. Bedding Material. A 6-inch thick layer of bedding material will
be provided beneath both riprap protection and gabion protection. The use
of filter cloth in lieu of using bedding material was conside:ed in Appen-
dix B. However, the filter cloth was found not to be feasible for the proj-
ect site. The gradation of the bedding material is presented in Appendix A.

D36. Protection of Air-Slaking Shale. The shale at the project site
has the characteristic of air-slaking. The need to protect the air-slaking
shale is discussed in Appendix A. Various alternatives for protecting the
air-slaking shale were considered in Appendix B. Where the channel
bottom is in bedrock and not continuously wet, riprap protection will be
provided on the channel bottom where channel velocities are high.

D37. Summary of Riprap and Gabion Design. The riprap and gabion
design resulted in the following:

Station Area Protection Remarks

Diversion Channel

67+ 74D- 61+00D Banks and Bottom 12" Riprap Diversion Channel
61+ OOD- 58+00D Banks and Bottom 18" Riprap Downstream end

of diversion channel
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Station Area Protection Remarks

Floodway.

112+ 80F-111+80F Banks and Bottom 12" Riprap Downstream end
of concrete chute

110+ 20F-109+50F Banks and Bottom 12" Gabions Drop Structure
No. I

105+ 20F-104+50F Banks and Bottom 12" Gabions Drop Structure
No. 2

100+ 20F- 99+50F Banks and Bottom 12" Gabions Drop Structure
No. 3

95+ 20F- 94+50F Banks and Bottom 12" Gabions Drop Structure
No. 4

92+ 0OF- 91+30F Banks and Bottom 12" Gabions Drop Structure
No. 5

Modified Channel.

115+22.5M-114+50M Bottom 12" Riprap Downstream of
2-barrel conduit

89+ 5OM- 89+OOM Banks and Bottom 12" Gabions Downstream of
3-barrel conduit

89+ GOM- 87+65M Left Bank 12" Gabions Confluence
Area

89+ OOM- 87+OOM Right Bank 12" Gabions Confluence
Area

76+ OOM- 74+OOM Banks and Bottom* 12" Riprap R.R. spur bridge
70+ 52D- 69+74D Right Bank 12" Riprap Approach to

flume
71+ OOM- 70+OOM Left Bank 12" Riprap Mainline B&O

R.R. bridge
*except low flow channel.

D38. Discussion on Desiqn. In general, the riprap and gabion de-
sign was in accordance with the methods noted. However, a certain amount
of engineering judgment entered into the design where the hydraulic perfor-
mance was uncertain. In areas of uncertain hydraulic performance, a con-
servative approach was taken in selecting the thicknesses of riprap and
gabions and in determining the lengths of reaches requiring protection.

D39. In the floodway channel, except at the drop structures, the chan-
nel velocities vary between 5.4 and 6.3 feet per second (fps). Paragraph
13c of EM 1110-2-1601 recommends a maximum mean velocity in Bermuda
grass-lined channels of 6.0 fps for sandy silt and 8.0 fps for silt clay.
Although the maximum mean channel velocities are slightly above the rec-
ommended maximum, it is not felt that the deviations are sufficiently sig-
nificant to warrant the expense of riprap protection. Furthermore, the chan-
nel will be dry most of the time; the floodway only carries flood discharge.
This will provide good conditions for establishing and maintaining a good
grass cover.

D14

h .. * 1



D40. At the downstream end of the concrete transition located at the
downstream end of three-barrel conduit, the modified channel is narrow.
Average channel velocities are high, and the centerline curves are relative-
ly sharp. The left bank of the modified channel will be overtopped during
the design flood by flows in the floodway channel. Twelve-inch thick
gabions (24-inch riprap) was the computed requirement just downstream
of the concrete transition. These gabions were extended to cover the nose
where the floodway channel joins the modified channel. Although the
12-inch gablons selected will provide more protection than computations
show are needed, the computations do not include the effects of the expec-
ted turbulence and eddies at the confluence. Because of the overtopping,
the flow in this reach of the diversion channel may be greater than the
discharges used in design. The riprap on the right bank of the modified
channel was extended downstream until it was felt that the flows between
the floodway channel and the modified channel would be fully combined.

D41. Along all of the diversion channel, the computed riprap thickness
is 12 inches. At the downstream end, an 18-inch thickness is selected.
This is a confluence area with flows joining at right angles. Turbulence
and eddies can be expected. The conservative design is therefore believed
to be warranted. The need for keys in riprap revetment is outlined in
Paragraph 14K of EM 1110-2-1601. It is stated in this paragraph that
"the upstream and downstream ends of riprap revetment should be protec-
ted against erosion by increasing the revetment thickness or extending
the revetment to areas of noneroding velocities". Although this reference
pertains to riprap revetment, it is believed to be equally applicable for
gabion structures. Where riprap and gabions terminate, a change in rough-
ness occurs and increased turbulence can be expected. Because of the
increased turbulence, the erosion potential is greater; and, therefore, there is
need for additional protection. Keys are, therefore, used along the edges
of the rlprap or gabions where they terminate. The key detail is a 3-foot
by 3-foot gabion placed in a trench. Although this detail is not one of the
standard riprap key details shown in EM 1110-2-1601, it has been used
on Corps of Engineer Flood Control Projects. It is felt that gabion keys
provide better protection than riprap keys because they extend further
below the channel template than the standard keys and because they are
firmly connected together.
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SECTION D

SLOPE STABILITY ANALYSES

D42. General. A detailed discussion on the soils and geology at the
prjctste is presented in Appendix A. Adopted design valuesfrth

project soils for the slope stability analyses are presented in Appendix A.
The adopted design values include both shear strength parameters and the
unit weights of soils involved.

D43. It is anticipated that the majority of fill used for constructing the
embankment of the relocated Baltimore and Ohio Railroad mainline will
come from an offsite borrow area. However, the results of the exploration
and testing program for the offslte borrow area were not available at the
time the slope stability analyses had to be run. In order not to delay the
schedule for completion of the design of the project, it was assumed that
the shear strength of the borrow material would be equal to or greater than
the shear strengths of the project soils. This decision was made by the
Buffalo District, Corps of Engineers during a meeting with Gannett Fleming
Corddry and Carpenter, Inc., on December 14, 1978. The validity of this
assumption will have to be checked when the results of the exploration
and testing program for the offsite borrow area are available.

D44. References. Publications used in establishing design criteria
and procedures include the following:

Manuals - Corps of Engineers

(1) EM 1110-2-1902, 27 December 1960, "~Stability of Earth and Rock-
Fill Dams".

(2) EM 1110-2-1902, 1 April 1970, "Stability of Earth and Rock-Fill
Dams".

D45. Cross-Sections. Cross-sections were selected for detailed
stability analyses for the floodway, modified, and diversion channels.
Included in the floodway channel sections are the stability analyses of
the embankment of the relocated Baltimore and Ohio Railroad mainline
and the levee. In the diversion channel section, the stability of the cut
in the trash pile was analyzed, as well as the stability of the cuts and
fills of the relocated Baltimore and Ohio Railroad mainline. Cross-
sections were selected to reflect various channel templates and the
various soil classifications.* Sections were selected where it was judged
that the lowest factors of safety would result. The cross-sections were
simplified as required for stability analysis purposes. The phreatic lines
used and the lines between different soil materials were assumed based
on available information and engineering judgment. For stability analyses
purposes only, the assumed top of rock used for the sections was lowered
about 3 feet. This is conservative and is believed to be warranted be-
cause of irregularities in the top of rock arnd because of weathering and
decomposition in the top few feet of rock.
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D46. Conditions Analyzed and Required Factors of Safety. Each cross-
section selected was analyzed for the following conditions:

(1) End of Construction (Case I, Paragraph lla of
EM 1110-2-1902, 1 April 1970)

(2) Sudden Drawdown from Design Water Surface
(Case III, Paragraph 11 of EM 1110-2-1902,4
1 April 1970)

D47. In accordance with EM 1110-2-1902, 1 April 1970, theD minimum4
factors of safety required are as follows:

(1) End of Construction Condition 1.3
(2) Sudden Drawdown Condition 1 .2

D48. Adopted Design Values for Project Soils. The adopted design unit
weights and shear strength parameters for the project soils for use in the
slope stability analyses are presented in Appendix A. For convenience,
they are presented below. The shear test envelopes and the adopted shear
strength parameters for project soils are presented in Appendix A on Plate
A13. Adopted shear strength parameters are needed for the stability analy-
sis for end of construction condition and sudden drawdown condition. For
the end of construction condition, only one shear test envelope is avail-
able for the existing Baltimore and Ohio Railroad embankment material, and
it was adopted for design. Also, for the end of construction condition,
only one shear test envelope is available for the existing Norfolk and
Western Railroad embankment material, and it was selected for design.
For the end of construction condition, two shear test envelopes are avail-
able for the natural foundation material. The adopted design envelope for
the natural foundation material was selected by engineering judgment, and
it lies between the two shear test envelopes. For the end of construction
condition, two shear test envelopes are available on project soils to be
used in the relocated Baltimore and Ohio Railroad embankment and levee.
The shear strength envelope selected for design was based on engineering
judgment. It lies between the two shear test envelopes and is conserva-
tive. It seemed advisable to be conservative because a considerable por-
tion of the mainline embankment material will be obtained from an offsite
borrow. If shear test results on borrow material prove to be lower than the
adopted shear strength parameters, considerable redesign would be involved
in the project. For the sudden drawdown condition, the adopted shear stren-
gth parameters are based on the results of the consolidated-drained (CD)
and consolidated-undrained (CU) shear tests. Normally for the stability
analysis of a sudden drawdown condition, a combined CD-CU shear stren-
gth envelope is adopted for design. This would be the procedure for a
sudden drawdown stability analysis for the upstream slope of a dam. For
the Big Creek Flood Control Project, however, 6 true sudden drawdown con-
dition, as with a dam, cannot occur. It was therefore felt that the refine-
ment of a combined envelope for design was not warranted, and a straight
line envelope was selected. The shear strength parameters adopted
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for design are based on engineering judgment and are believed to be
conservative. As with the construction case, because material
for the railroad embankment will be obtained from an offslte borrow, it
was felt desirable to be conservative in selecting the adopted shearI
parameters for the railroad embankment material. For the cut slope
through the trash pile, the adopted shear strength parameters for the
trash material are based on the angle of repose of the trash pile. TheI
angle of repose of the trash pile is shown in Appendix A on Plate A14.
A discussion on the adopted shear strength parameters for the trash
material is presented in Appendix A. For project soils, except at the
trash pile, adopted unit weights are based on laboratory tests. As no
laboratory tests were run on trash pile material for the purpose of deter-
ming a unit weight, the adopted unit weight was based on the assumed
unit weights of the several types of material in the trash pile. Additional
discussion on the adopted unit weights is presented in Appendix A.

D49. Surcharge Loadings. Surcharge loadings, equivalent to live load-
ings, were used in the stability analyses and are as follows:

(1) Along the centerline of relocated Baltimore and Ohio Railroad
mainline, the surcharge loading used was equivalent to 10,000 lbs./ft.
distributed over a width of 10 feet.

(2) Along the top of levee, the surcharge loading used was
2 feet of earthfill (equivalent truck loading).

D50. Computer and Manual Solutions. The slope stability analyses
were run using a computer program. The computer program used is based
on the Circular Arc Method as presented in EM 1110-2-1902, dated
27 December 1960. The cross-sections selected for the stability analyses
and the results of the computer solution are presented in Subappendix D4
on Plates D4-1 through D4-7, inclusive. A manual check was run for both
the End of Construction Condition and Sudden Drawdown Condition. The
purpose of the manual computations was to verify the results of the com-
puter solution. Arc No. 2 from Plate D4-4, Left Bank Floodway Channel
at Station 89+50F, was selected for the manual check. The manual check
computations for the Sudden Drawdown Condition are presented in Sub-
appendix D4 on Plate D4-8, and the manual check computations for the
End of Construction Condition are presented on Plate D4-9. The manual
check computations were based on Modified Swedish Method as outlined
in EM 1110-2-1902, dated 1 April 1970. Consideration was given to the
affects of the relocated Baltimore and Ohio Railroad mainline embankment
and loadings on the stability of the Norfolk and Western Railroad embank-
ment. The relocated mainline embankment will be adjacent to and essen-
tially parallel to the existing Norfolk and Western Railroad embankment.
At the upstream end of the relocation, the grade of the relocated Baltimore
and Ohio Railroad mainline will be about 20 feet below that of the Norfolk
and Western Railroad. As the relocated mainline proceeds downstream,
this differential decreases uniformly and the grades of the two tracks are
about level at the mainline bridge. Where there is no differential or only
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a small differential between the grades of the two tracks, it is apparent that
the relocated mainline embankment and loadings will have no adverse
affects on the stability of the Norfolk and Westein Railroad embankment.
Where ther6 is a larger differential between the grades of the two tracks,
the mainline embankment is essentially acting as a stabilizing fill at the
toe of the Norfolk and Western Railroad embankment. Rather than having
an adverse affect, the relocated mainline embankment would be improving
the overall stability of the Norfolk and Western Railroad embankment. It
is significant to note that the embankment slope of the Norfolk and Western
Railroad embankment is as steep as lV on 1 .5H. Whereas the embankment
slope of the relocated mainline is IV on 2 .5H. Dynamic train loadings
could be comparable to the vertical component of an earthquake loading
but of a smaller magnitude. Normally, it can be assumed that if an em-
bankment has adequate factors of safety for static loadings, it would be
stable for small earthquake loadings. Therefore, the Baltimore and Ohio
Railroad dynamic train loadings are not expected to affect the stability of
the Norfolk and Western Railroad embankment. The Norfolk and Western Rail-
road has experienced slope stability problems with the cut slope on the north
side of the Norfolk and Western Railroad track . As the Norfolk and Western
cut slope is farther away from the relocated Baltimore and Ohio Railroad track
than the Norfolk and Western Railroad embankment, the relocated Baltimore
and Ohio Railroad track has less effect on the Norfolk and Western cut slopethan it does on the Norfolk and Western Railroad embankment. Therefore,
the relocated Baltimore and Ohio Railroad embankment and train loadings will
have no adverse effect on the Norfolk and Western cut slope. As outlined in
Paragraph D49, surcharge loadings, equivalent to live loadings, were used
In the stability analysis of the mainline embankment.

D51. Summary of Results. Results of the computer solutions and manual
check computations for the slope stability analyses are as follows:

COMPUTER SOLUTION SUMMARY

Factor of Safety
Sudden End of

Plate No. Drawdown Construction
Subappendix D4 Location Condition Condition

D4-1 Right Bank, Diversion
Channel, Sta. 64+OOD 1.28 1.17

D4-2 Left Bank, Diversion
Channel, Sta. 64+OOD 1.76 3.69

D4-3 Left Bank, Modified
Channel, Sta. 80+0GM 1.64 2.32

D4-4 Left Bank, Floodway
Channel, Sta. 89+50F 1.50 2.52

D4-5 Left Bank, Floodway
Channel, Sta. 102+OOF 1.78 2.80

D4-6 Left Bank, Floodway
Channel, Sta. 108+25F 2.21 3.71

D4-7 Levee, Floodway Chan-
nel, Sta. 111+OOF 2.58 6.30
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MANUAL CHECK SUMMARY

Factor of Safety
Manual Computer
Check Souton

(1) Sudden Drawdown Condition, Arc. No. 2,
Left Bank, Floodway Channel, Sta. 89+50F
(Subappendix D4, Plate D4-8) 1.58 1.50*

(2) End of Construction Condition, Arc. No. 2,
Left Bank, Floodway Channel, Sta. 89+50F
(Subappendix D4, Plate D4-9) 3.44 3.49*

* Subappendix D4, Plate D4-4.

D52. Discussion on Stability Analyses. The number of arcs shown on
the Plates in Subappendix D4 are representative of the arcs analyzed. In
all cases the arc with the lowest factor of safety is presented.

D53. Except for the results of the stability analysis on the cut through
the trash pile (Subappendix D4, Plate D4-1), the factors of safety obtained
for both the End of Construction and Sudden Drawdown Conditions are con-
siderably higher than the minimum required factor of safety. The high fac-
tors of safety obtained for the End of Construction Condition can generally
be attributed to the relatively high adopted design values used for cohesion
for the various soils involved.

D54. The high factors of safety obtained for the Sudden Drawdown Con-
dition cannot be attributed to either the adopted design value for angle of
internal friction or cohesion for the various soils involved. The high fac-
tors of safety obtained are believed to be attributed to a combination of
factors; such as, assumed phreatic line, adopted shear parameters, and
side slope.

D55. The channel side slopes used for the various sections analyzed
were selected during the initial studies made in connection with the prep-
aration of Appendix B. The side slopes selected were believed to be
slightly flatter than would theoretically be required to satisfy slope stabil-
ity criteria. A conservative approach was taken because if it were found
that the slopes were too steep, flattening the slopes to satisfy stability
criteria would result in major changes to the alignments of the floodway,
modified, and diversion channels. This, in turn, would result in a delay
in completion of the project design. Therefore, as expected, the side
slopes are conservative, except for the diversion channel cut at the trash
pile.

D56. For the diversion channel cut in the trash pile, the factor of safety9 for the End of Construction Condition was 1.17 compared with the minimum
required value of 1 .3. It is apparent that the low factor of safety is attri-
buted to the shear strength parameters adopted for the trash pile material.
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The adopted shear parameters for the trash material was 300 for angle of
internal friction and zero for cohesion. A detailed discussion on how
these parameters were selected is presented in Appendix A. It is believed
that these parameters are on the conservative side for several reasons.
The angle of inclination of the existing slope of the trash pile varies be-
tween 33" and 380 . The actual angle of internal friction is believed to be
considerably more than the assumed 3Q00 Also, the trash material is
believed to have some cohesion. A small amount of cohesion for the trash
material would make the factor of safety higher. Because of these con-
siderations, the factor of safety of 1. 17 obtained is accepted. It is not
believed that flattening the slope of the cut to obtain the 1 .3 factor of
safety is warranted.

D57. The difference in the results between the computer solution and
manual check is relatively small and is considered acceptable. Since the
manual check gave slightly greater factors of safety than the computer
solution, the computer solution is slightly conservative. The difference
can be attributed to the difference in method of analysis and also to the
normal inaccuracies expected in the graphical procedure used for the
manual check.

D57a. Engineering Data Required for Levee. Earthfill in Zoo Floodplain,
and Railroad Embankments. Earthen material required for the levee and
earthfill in Zoo floodplain will be obtained from required common exca-
vation. Earthen material required for the railroad embankments will be
obtained from both required common excavation and from the designated
offsite borrow area. A detailed description of these materials along with
laboratory test data is presented in Appendix A.

D57b. Material for the levee and earthfill in Zoo floodplain will consist
primarily of the impervious project soils consisting of sandy, silty
clay, classified as CL. The material shall contain a minimum of
20 percent passing the No. 200 sieve, and it shall have a minimum plas-
ticity index of 3. The moisture content after compaction shall be within
the limits of 2 percentage points above optimum and 2 percentage points
below optimum. Material shall be compacted to 95 percent of Standard
Proctor Density. The levee and earthfill in Zoo floodplain shall not have
stones, rocks, and rock fragments larger than 2/3 the placement lift
thickness.

D57c. Material for the railroad embankments shall consist of earth mate-
rials obtained from required excavation and designated borrow area which
are suitable for use in the railroad embankments. The moisture content
after compaction shall be within the limits of 2 percentage points above
optimum and 2 percentage points below optimum. Material shall be
compacted to 95 percent of Standard Proctor Density. The embankment
shall not have stones, rocks, and rock fragments larger than 2/3 the
placement lift thickness.
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SECTION E

RAILROAD RELOCATIONS

D58. General. Several alignments of the relocated Baltimore and Ohio
Railroad mainline and spurline were presented in Appendix B, Alternative
Studies, and one alignment of the mainline and spurline was selected for
final design. Since completion of the Alternative Studies, detailed field
surveys of selected portions of the existing railroad facilities at the proj-
ect site were performed. Accurate horizontal and vertical survey data of
the existing railroad facilities was needed for finalizing the design of
mainline and spurline alignments.

D59. The selected mainline and spurline alignments have been refined
and coordinated to accommodate all constraints of the floodway channel,
modified channel, diversion channel, Baltimore and Ohio Railroad main-
line and spurline, and the Norfolk and Western Railroad.

D60. Design Criteria and Procedures. The horizontal and vertical
geometry was located and coordinated in the final position using the stan-
dard design criteria furnished by the Chessie System. The horizontal
criteria is based on Engineering Bulletin No. R-13, dated April 18, 1977.
The vertical criteria is based on the Pamphlet package from the Chessie
System, dated June 19, 1978. The track roadbed typical sections were
taken from the "Roadbed and Ballast Sections for New Construction",
dated January 23, 1964. The roadbed drainage for pipe locations and
sizes is based on the U .S. Department of Transportation "Hydraulic
Engineering Circular No. 12" and "Hydraulic Design Series No. 3". The
slope stability analyses of the relocated railroad embankment sections
are presented in Section D and Subappendix D4. A listing of design
criteria and design calculations for the final location of the relocated
mainline and the spurline alignments are presented in Subappendix D5.
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SUBAPPENDIX D2

COMPUTATIONS FOR DESIGN
OF

RAILROAD BRIDGES AND TEMPORARY TRESTLE

D2-1



iUBAPPENDIX D2

COMPUTATIONS FOR DESIGN
OF

RAILROAD BRIDGES AND TEMPORARY TRESTLE

CONTENTS

Item Pane No.

Geometry Computations ............. D2- 3 to D2-19
Superstructure Design-Mainline and Spurline . D2-20 to D2-31
Abutment and Wingwall Design-Mainline .... D2-32 to D2-54
Abutment and Wingwall Design-Spurline ..... D2-55 to D2-61
Pier Design-Spurline .. ..... . ...... D2-62 to D2-72

Trestle Bent Design-Temporary N&W Structure. D2-73 to D2-84
Beam Deflection Program ............... D2-85
Retaining Wall-Abutment Program ......... D2-86 to D2-91
Projram for Load and Moment Points for

Interactive Curve . ................. D2-92

NOTE:

The Beam Deflection Program, the Retaining Wall-Abutment
Program, and the Program for Load and Moment Points for Inter-
active Curve have been verified by hand computations.

D2-2
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1.2.22 - LOADING COMBINATIONS

The following Groups represent various combinations of loads and
forces to which a structure may be subjected. Each part of such struc-
ture, or the foundation on which it rests, shall be proportioned for all
combinations of such of these forces as are applicable to the particular
site or type, and at the percentage of the basic unit stress indicated for
the various groups except that no increase in allowable unit stresses
shall be permitted for members or connections carrying wind loads only._,.,w
-See Articles 1. 2. 1 to 1. 2. 21 for loads and forces.

The maximum section requir(ed shall be used.

Percentage

of Unit
Stress

Group I D+L+ + E+ 13+SF 1005C
Group II =D+E+B+SF+W 125ti-
Group III =Group I+L.F+F±30% W+\VL+CF 125%
Group IV =Group I+R+S+T 125%
Group V =Group 1I+R+S+T. 140%,-
Group VI =Group IlI+R+S+T 140%
Group VII =D+E+B+SF+EQ 1331-''%
Group VIII = Group I+ ICE 140%
Group IX =Group II+ICE 1505%

D Dead Load

L = Live Load
I =~Live Load Impact
E =Earth Pressure
B =Ruoyancy
W = Wind Load on Structure'

W L Wind Load on Live Load-100 pounds per linear foot

LF Longitudinal Force from Live Load

CF =Centrifugal Force
F = Longitudinal force due to friction or shear resistance

7 (elastomeric bearings).
R = Rib Shortening

S = Sh i inkage

T = Temperature
EQ = Eai thquake

SF = Stream Flow Pressure

ICE lece Pressure

ais
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GA,.NIT PL.INO COaollNy A0NO CAR aPaTI. 104C.

ITF PROGRAM FILE

PrOGRAM Call Name DFL GFC&C FILE 216K

DESCRIPTION Calculates deflections due to uniform and/or
concentrated loads on a simple beam with end moments.

INPUT Span Length (ft), Uniform Load(left,right value)
Dist. Left Reaction to start of Uniform Load.

Dist. Left Reaction to end of Uniform Load.
Left end moment (Ft-Kips) and right end
moment (Ft-Kips) (minus for tension on top)
Moment of Inertia values (in) and corresponding end
distances (ft) from left support.
Concentrated load values (kips) and corresponding
distances (ft) from left support.
Distances to special points (not at 10th points of an)

OUTPUT Deflections (inches) at 10th points of span.
Deflections at additional requested points

Rotations (plus - clockwise; minus - counterclockwise
FEATURES Maximum Number of moments of Inertia = 20

Maximum Number of Concentrated Loads = 25
Input No. of concentrated Loads as 0 for
no concentrated loads.

SAMPLE RUN See Next Sheet...

Dist. toAddit. Point
lIR P

•.... .... ,

=S PAN EIN.G T H

REV! (051073)

1/2

D2-85



GANNETT PV6MING COUDO Y AND CAaG wIM. INC.

ITF PROGRAM FILE

f PROGRAM Call Name RWM GFC&C FILE 216AN

DESCRIPTION This program is for analyzing Retaining Walls or Abutments
on Pile Foundations. Computes (I) Moments and Forces
caused by Substructure, Earth Pressure and Live Load
Surcharge, (2) Footing Design and (3) Stem Design.

INPUT For detailed information of input see Figures 1, 2, 3 and
Sample Runs.

Retaining Wall and/or Abutment Input

1. Weight of Concrete and Backfill (kips/cu.ft.) and Equivalent Fluid
Pressure (kips/sq.ft./ft.depth)

2. Pavement Thickness (Ft.)

3. Width and Thickness of Footing and Toe Length (Ft.)

4o. Distance of 1st row of piles from the toe (Ft.)

5. Maximum Design Pile Load (kips)

6. Concrete allowable Flexure and Shear Stresses for Footing (ksi)

7. Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity
for Footing.

8. Concrete cover to CL of bottom steel and top steel.

9. Height of wall (Ft.)

10. Concrete allowable Flexure and Shear Stresses for Stem (ksi).

II. Allowable Steel Stress (ksi) and Ratio of Modulus of Elasticity

for Stem.

12. Concrete cover to CL Reinforcing Steel of Stem (in.)

13. Items "a" and "b" for Retaining Walls only.

Items "c" thru "g" for Abutments only.

Retaining Walls only:

a. Parapet Height and Width (Ft.)

b. Stem Top Width (Ft.) and Rear Face Batter (N/12)

c. Soil Slope (ni/I), Slope Distance

(102076) I,11
1081

D2- 86
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GANdIdgl LINING CGOG"Y AND CAnFLNTEA. INC.

Abutments Only:

d. Height and Width of Beam Seat (Ft.)

*. Height and Width of Backwall (Ft.)

f. Height and Width of Backwall Batter (Ft.)

g. Abutment Batter (N/12)

h. Distance from the Front Face of Wall to CL of Bearing (Ft.)

14. Live Load Surcharge (Ft.)

15. Abutment Only

a. Dead Load and Live Load Reactions (kips/Ft.)

b. Additional Vertical and Horizontal Forces (kips/Ft.)

applied at Bearing Support.

c. Group Factor

17. Distance (Ft. from 1st row) and Batter (N/12) of each Pile.

18. Pile Spacing of each Row (Ft.)

OUTPUT Moments and Forces caused by Substructure
Earth Pressure and Live Load Surcharge
Total Pile Area (Piles/Ft)
Vertical Pile Load
Total Pile Load
Horizontal Load Due to Batter
Horizontal Load taken by pile in Bending

For Footing Design (Heel and Toe)

Required Depth
Actual Depth
Required Steel

Shear Stress

2/11
(102076) 109/
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SAM0N. FLrI"N COaDOW AND C-ARpMdUTS. INC.

For Stem Design

9 Wall Height
Compression Steel
Actual Depth
Required Steel (Tension)

Shear Stress

FEATURES

1. Pile configuration input may be repeated as many times as desired
until the best design is obtained.

2. Size of footing may be changed following each pile analysis.

3. Batter may be input for the Front Face or the Rear Face -

program will not handle both F.F. and R.F. Batter at the
same time.

(102076) 3/11
110/
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GANNgY'I PLEMIt4G COMODAY &No CAIpo,4 INC.

GEOMETRY OF RETAINING WALL

Tw

Slope Distance
BLL Surcharge

HT . height of wall
! FW - width of footing

FT a depth of footing
TL - toe length

DPT - distance to 1st row
of piles from the tip
of toe

BWH * height of backwall
BWW - width of backwall

TW a top width of stem

n * batter of
retaining wall

ST - pavement thickness
I - batter of nth

e4 row of piles
n nen . distance between nth

- iii row of piles and first
112 irow of piles

12 nj * surcharge slope

.1

TL

Iii!.'

''Jz/ , z Ii I
12 12

,/ Al / ,B 2  
5
n40 I L

• el .O

DPT e,

FW

FIGURE 1. RETAINING WALL

(102076) 4111
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GAMS PLEINaSwO COADOST AND CAPOWIS. INC1

GEOMETRY OF ABUDhENT

BWW BW

W - heigt _of wall
FW - width of footing
FTr depth of footing
DPT distance to 1st row of

piles from the tip

ST = pavement thickness
BN - height of beam seat

BW - width of beam seat ,
DWW a width of backwall
SWH a height of backwall 0 CL of
BBH - height of backwall batter bearing
BBW a width of backwall batter
n * batter of abutment
BFL - dist. from the F.F. BBW

of abutment to C.L. 
of bearing

TL - toe length -n
Sn - batter of nth row of piles

on distance between first J12
row of piles and nth nr
row of piles

12~

All the loadings are applied TL

at Pt. A U

12 12 B _

4---

rh

FIGURE 2. ABUTmeNT

(102076) S/I 1

112/
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GANN" FLMIktN COMODRY AND CARMIIIUM. INC.

PILE ARRANGEMENT

FW

TL

Pt4A = pile capacity
n - No. of rows of piles
*I= 0.0 T _4
On  distance between nth row

of piles and ist I

row of piles
Pn pile spacing of nth

row of piles

-,

e2 I

FIGURE 3. FILE GEAIfENT

(090575) 6/11
DA 9
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OAN#'V FLSIN C.O1DUOY AND CARPONTER. INC.

ITF PROGRAM FILE

PROGJW Call Name UCD GFC&C FILL 21GAS

DESCRIPTION This program computes Load and Moment points for the
interaction curve. 0 has not been included (ie 0 - 1.0).
Points are based on increments to neutral axis location.
The section must be rectangular and all reinf. bars are
included. The first value is Po and the last is at P= 0.

Finally, the balanced design case is output.

INPUT W = Column width - In
T = Column thickness - In

FC = Concrete f'c - Ksi 4

FY = Reinf. fy - Ksi
N - No. of Reinf. Locations - (32 max.)
X = N.A. Increment - In

Dn = Dist. to Reinf. - In 2 ] 4 pair of values per line
An = As at each Dist. - In

OUTPUT All Input

Ic - ft
4 

& Is - ft
4

EcIc/S+Esls - K-ft
2

0.1 f'cAg - K & As/As -

Neutral Axis Location - In
Axial Force K At Po, each increment,P 0
Moment K-ft and lastly at Balanced
Eccentricity Ft Design

FEATURES Tle program conforms to 1974 AASqTrO Interim Specifications.

For ACI code applications, use Program ULT.

Note: To plot 0.1 f'c Ag on this output where 0 = 1, divide
0
.1f'c Ag by 0 = 0.7

Ec a 57.00 If'c & = 29000 ksi1 = TW3/12 DI

. * 0 90 0 9

(121675) 112 15

125/
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SUBAPPENDIX D3

COMPUTATIONS FOR RIPRAP
AND

GABION DESIGN

CONTENTS

Item Page No.

Methodology ...................... D3- 3 to D3- 4
Diversion Channel ................... D3- 5 to D3- 8
End of Two-Barrel Conduit ............. D3- 9 to D3-10
Downstream End of Chute-Transition ....... D3-11
Drop Structures .................... D3-12
Railroad Spurline Bridge .. *..... 0 a . D3-13
Approach to Diversion Channel Flume ...... D3-14
New B&O Railroad Bridge .............. D3-15
End of Three-Barrel Conduit and Confluence

Area ............ *0 ....... . . D3-16 to D3-19
Riprap Design ........ ...... D3-20 to D3-22

D3-2
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GANNETT FLEMING CORDORY *c /A A.// 9"6 owe
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A TN - LAJ ' c - T QF tpc--F 4, L

STONE FOR 12-INCH RIPRAP THICKNESS

Percent Lighter Stone Weight
by Weight in Pounds*

100 81(12.0")
62-100 32( 8.8")
50- 72 24( 8.0")
30- 50 16( 7.0")
15- 38 12( 6.3")
0- 15 5( 4.7")

STONE FOR 18-INCH RIPRAP THICKNESS

Percent Lighter Stone Weight
by Weight in Pounds*

100 274(18.0")

62-100 110(13.3")
50- 72 81(12.0")
30- 50 55(10.5")
15- 38 41( 9.6")
0- 15 17( 7.1")

*Nqumbers In parentheses are approximate stone diameters in inches corresponding to the

weights given, asuming a spherical shape and a unit weight of 155 pounds per cubic foot.
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BEDDING MATERIAL

Sieve Size Percent Passing

(U.S. Standard) by Dry Weight

3"1 100
2" 85-100
1 1/2" 78-90

3/411 68--78
1/2" 60--73

No. 4 43-60
No.10 26--43
No.20 12-26
No.40 0-12
No.200 0-03
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SUBAPPENDIX D4

COMPUTER SOLUTION AND MANUAL CHECK_
FOR

SLOPE STABILITY ANALYSES

CONTENTS

PLATES

Plate No. Title

D4-1 Summary of Slope Stability Analysis-
Right Bank - Diversion Channel-Sta. 64+OOD.

D4-2 Summary of Slope Stability Analysis-
Left Bank - Diversion Channel-Sta. 64+OOD.

D4-3 Summary of Slope Stability Analysis-
Left Bank - Modified Channel-Sta. 80+OOM.

D4-4 Summary of Slope Stability Analysis-
Left Bank - Floodway Channel-Sta. 89+50F.

D4-5 Summary of Slope Stability Analysis-
Left Bank - Floodway Channel-Sta. 102+00F.

D4-6 Summary of Slope Stability Analysis-
Left Bank - Floodway Channel-Sta. 108+25F.

D4-7 Summary of Slope Stability Analysis-
Levee-Floodway Channel-Sta. 111+00F.

D4-8 Manual Check Computations-Left Bank-
Floodway Channel-Sta. 89+50F.
Sudden Drawdown Condition.

D4-9 Manual Check Computations-Left Bank-
Floodway Channel-Sta. 89+5OF-
End of Construction Case.

D4- 2
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720-

700-

Existing Ground Surface ErP
u,,680

w
3>00

<660- 2

640-

w Riprap
W620-

Design Water As
Sur face Phrel

,,-Assumed roP Of Rockr
600-



+ 

O rigi

-xY

Trash Material

Assumed Natural Foundation
Phreo tic Line material

med Top of Rock

STA. 64 +00D
SCALE: I IN.= 20 FT



RESULTS
ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. X SUDDEN END OF

+Y DRAWDOWN CONSTRUCTION
I 230.0 -220.0 130.0 1.38 1.34

2 220.0 -200.0 130.0 1.53 1.37
3 220.0 -240.0 110.0 1.28 " 1.28
4 220.0 -220.0 110.0 1.34 1.17 "

/-Origin 5 200.0 -200.0 110.0 1.49 1.33
+X 6 200.0 -240.0 90.0 1.29 1.32

7 195.0 -200.0 90.0 1.39 1.20
8 180.0 -240.0 70.0 1.29 1.39

Critical Arc

-y

BIG CREEK FLOOD CONTROL PROJECT

CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS

RIGHT BANK-DIVERSION CHANNEL
STA. 64 +00 D

U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE II GENERAL DESIGN MEMORANDUM

GANNETT'FLEMING CORDDRY MARCH 1979
AND CARPENTER, INC.
CONSULTING ENGINEERS PLATE NO. D4-1
HARRISBURG, PENNSYLVANIA



iU

630

- Existing A /W RR
Y- Surcharge Loading

620 (Assumed Equivalent Load
w From R R Track)
0 

_rn -X

20u.I 610 .
61 Eorthfill /

z NOW RR
-- Embankment

0
600

-~j Assumed Phreatic Line
uAJ At E. O C. Condition Natural Foundation Material

590

, I



ARC RAD
NO.

1 40
2 40
3 36,
4 35
5 45
6 46

+ y 7 56,

SRelocated Mainline a 0 R R. 6

*CroiC

CExisting 8 80 RR

Existing Ground Surface

\> oe Stone So/last
Assu(med P7eat/c Lllne

bankmen At S.DD. Condition
Embankment 2.0 Riprap 1 -Desgn Water Surfaco

- &

Channel Bottom

Assumed Top Of Riock

STA. 64+OOD
SCALE I IN.= 10 FT.

4~.~ - .~ .. -

A&iL



RESULTS
ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. SUDDEN END OF

X DRAWDOWN CONSTRUCTION
I 40.0 -30.0 27.5 2.1 I 8.58
2 40.0 -25.0 27.5 1.76 * 5.86
3 36.0 -25.0 22.5 1.84 4.81
4 35.0 -20.0 22.5 2.25 4.44
5 45.0 30.0 25.0 2.36 4.88
6 46.0 40.0 25.0 2.71 3.94
7 56.0 40.0 35.0 2.31 3.85
8 66.0 40.0 45.0 2.42 3.69 *

* Critical Arc

face

gn Water Surface

1 Bottom

E. 0. C = End Of Construchon
S. D O. = Sudden Drawdown

BIG CREEK FLOOD CONTROL PROJECT
CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS

LEFT BANK-DIVERSION CHANNEL
STA. 64 +OOD

U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE l1 GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER INC
CONSULTING ENGII EERS PLATE NO. D4-2
HAORISGURG, PENNSYLVANIA I



Surcharge Loading ,I Relocated Mainline 88
(Assumed Equivalent

640 -Load From R. R Thackj

Stole Ballast

-j 630- 
t1689Ot

U)

0
co 620

Ui.w
U--

z
z610 Natural Foundation Material

0

LI-

W Assumed Tap Of Rock--
W620

590

STA.
SCALE I



Wled Mainline B80 R R

Stone Ballast
N a W R R Embankment

Ea,-tfifill

/ Assumed Phreatic Lin e Al S.D1.. 9. Condition

;--Deslgn Water Surface

ExisigG

Assumed Phreatic Line Al EQ. C Con

STA. 80 +OO0M
SCALE I IN.: 10 FT.



S~~RESULTS _________

ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. xSUDDEN END OF

x y DRAWDOWN CONSTRUCTION
I 100.0 62.0 65.0 1.70 2.57
2 90.0 62.0 55.0 1.64 *2.32*

3 90.0 52.0 60.0 1.99 2.98
4 85.0 52.0 55.0 1.89 2.85
5 82.0 62.0 47.0 1.69 2.49

6 177.0 52.0 45.0 1.74 2.59
7 70.0 42.0 45.0 1.93 3.21

*Critical Arc

tion

wn Water Surface

L ExitingGround Surface

r-Channel Bottom

'WRIO/77m-

ieAt E70C. Condition BIG CREEK FLOOD CONTROL PROJECT

STA. 80+OOM
U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE 31 GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER INC.
CONSULTING ENGIIJEERS* PLATE No. D4-3
HARRISBURG, PENNSYLVANIA



SRelocated,

Surcharge Loading
(Assumed Equivalent Load

640 From R . Track Origin

630

0 Embankment
< Eart

I-
Z : ssurned6

Z Phre atc Lie

0
I610

w Natural Fo~undation
-J Material Existing
W Ground Surfid

600



ARC

NO.

2 f
3
4
5

6

7

SRelocated Mainline B 8 0 R .

NOTE

Origin

x
-Stone Ba/lost

Earth fill2.
I/ Assumed Phreo tic L /e For S D. Condition

6 Assumed Phreatic Line For E 0

............Design Water Surface

E'xisting
Ground Surface N

STA. 89 +50 F
SCALE: IIN.= I OFT



SRESULTS

ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. X SUDDEN END OF

I________ DRAWDOWN CONSTRUCTION

I 105.0 70.0 70.0 1.61 2.85
2 90.0 60.0 60.0 1.50 3.49

3 90.0 55.0 53.0 1.66 2.52
4 90.0 55.0 60.0 1.61 3.18
5 85.0 60.0 49.0 1.60 2.67
6 85.0 55.0 48.0 1.57 2.58
7 80.0 60.0 49.0 1.58 3.46

8 75.0 60.0 43.0 1.5 7-r 3.2 7 1

*Critical Arc

NOTE: Arc No. 2 was run by manual check, see Plate D4-8 and D4-9.

a//c L Ine For S DVD Condition

ssumed P/treat/c L11me For E 0 C Condition

Desig ae ufc

Existing Ground Surface

ChanelBotom BIG CREEK FLOOD CONTROL PROJECT

_____ Assumed rop Of Rockf CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS

LEFT BANK-FLOODWAY CHANNEL
STA. 89+50 F

U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE 31 GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER, INC.
CONSULTING ENGINEERS PLATE No. D4-4

-2HARRISBURG, PENNS YLVAN IAM
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660 y

650

N a W RRSurcharge LoadIng
.1 (Assumed Equivalent Lead

Embankment From R9. R Track

w 640
0

w

LL630

LAssumed Phreatic Line

< 620
w Natural Foundofi

-i Material
w

610

600



Y

fRelocated MOAilin 8 8 OR PR.

/Lead -Origin

Stone Solost

-2.5 Assumed Phreo/ic L ine For S D.V.Co

turol Foun dation6
Material

STA. 102 +O00F
SCALE: I IN. 10 FT



RESULTS
ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. SUDDEN END OF

X Y DRAWDOWN CONSTRUCTION
I I00.0 67.0 70.0 2.11 3.82
2 91.0 57.0 60.0 1.87 2.99
3 90.0 47.0 58.0 2.06 2.73
4 85.0 52.0 56.0 1.86 3.08
5 85.0 42.0 55.0 2.21 3.45
6 80.0 47.0 51.0 1.99 2.80
7 60.0 37.0 41.0 1.78 -  4.05

Critical Arc

eot/c Line For S D.D. Condition

Design Water Surface

Assumed Phreatic Line For E 0 C Condiion-

__ Channel Bottom

_,W, WWWA,/-M, Assumed Top Of Rock

BIG CREEK FLOOD CONTROL PROJECT
CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS

LEFT BANK-FLOODWAY CHANNEL
STA. 102 +OOF

U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE I[ GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER, INC.
CONSULTING ENGINEERS PLATE NO. D4-5
HARRISBURG, PENNSYLVANIA
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660 -

Surcharge Lodig Re/acq(Assumed Equivalent .f - -  eo"

650 - a W tLo From R. . Track)
Emakent h

-j

640

0 {aorth fill

w Assumed Phreafic Lie - 117w. 630
U-

z
z
0
- 62Natural Foundation Material<, 620

w

Assumed 7op Of Rock

610

600



T

- Relocated Ma71inn 8 a 0 R

Origin Existing Mainline 8 8 0 R R

- - - 1xissn Ground Surface

~arthi8 8 80 . R Embankment

4 2.5

Assumed Phreofk

foun dotion Material

edTop Of Rockr

Assumewd Phre at/c Line
At E. 0 Ccondition

STA. 108 +25 F
SCALE: IN. = 10 FT.



_____RESULTS

ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. xSUDDEN END OF

______ _________ DRAWDOWN CONSTRUCTION

1 120.0 67.0 89.0 2.67 3.71
2 75.0 80.0 45.0 3.00 4.12
3 65.0 80.0 35.0 2.98 4.08
4 60.0 85.0 30.0 2.90 5.00
5 50.0 82.0 20.0 2.79 4.80

6 41.0 17.0 30.0 2.57 6.10
7 31.0 20.0 20.0 2.27 5.71

80 RR 8 ,27.0 17.0 15.0 2.21 5.65
*Critical Arc

Ground Surface

Embankment

Assumed Phrea tic Line
At SOD Condition -. - Design Water Surface

__ Channel Bottom

L ine

BIG CREEK FLOOD CONTROL PROJECT
CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS

LEFT BANK-FLOODWAY CHANNEL
STA. 108+25F

U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE nI GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER, INC.
CONSULTING ENGINEERS PLATE NO. D4-6
HARRI SOURG, PENNSYLVANIA



(Surcharge Loadng ]
Assumed Phreatic Line
At $ 00. Condition

-j 640
uf Assumed Phreatic Line

At E O C Condition

0 Design Water Surface
M 630_____

Existing Ground
u Surface 

-

ZL Channel Bottom
-620

z
0 Assumed Top Of Rock

w
-
w 610



Surcharge Loading
Or-igin- (Equivalent Truck Load)

-x +

Nat ural Foundation Materil

STA. I I I+OOF
SCALE I IN.: 10 FT.



_____RESULTS

ARC RADIUS CENTER COORDINATES FACTOR OF SAFETY
NO. X SUDDEN END OF

__ _Y DRAWDOWN CONSTRUCTION
I 45.0 -35.0 26.0 3.69 7.12
2 44.0 -30.0 25.0 3.31 6.30 "

3 41.0 -25.0 26.0 2.58 6.79
4 40.0 -25.0 21.0 2.81 6.57
5 37.0 -30.0 21.0 3.50 7.67

6 35.0 -25.0 15.0 3.06 6.60
7 40.0 -20.0 21.0 3.22 7.33

Critical Arc

.e d -Existing Ground_'atriO Surface

-, Material

BIG CREEK FLOOD CONTROL PROJECT

CLEVELAND, OHIO

SUMMARY OF
SLOPE STABILITY ANALYSIS
LEVEE-FLOODWAY CHANNEL

STA. II I +OOF
U. S. ARMY ENGINEER DISTRICT, BUFFALO
PHASE Ir GENERAL DESIGN MEMORANDUM

GANNETT FLEMING CORDDRY MARCH 1979
AND CARPENTER, INC.
CONSULTING ENGINEERS PLATE NO. D4-7
HARRISBURG, PENNSYLVANIA
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U. S. ARMY ENGINEER DISTRICT, BUFFALO
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GANNETT FLEMING CORDDRY_ MARCH 1979
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BIG CREEK FLOOD CONTROL PROJECT
CLEVELAND, OHIO

PHASE II
GENERAL DESIGN MEMORANDUM

APPENDIX D

DESIGN ANALYSIS

AUGUST 1979

SUBAPPENDIX D5

COMPUTATIONS FOR RAILROAD RELOCATIONS

D .

D5-1



SUBAPPENDIX D5

COMPUTATIONS FOR RAILROAD RELOCATIONS

CO0 NTE NT-S

Item Pace No.

Baltimore and Ohio Railroad Mainline

Design Criteria . ................ D5- 3
Spiral Lengths ............. 0....... D5- 3 to D5- 4
Chessie System Bulletin No. R-13 . ... o . .. D5- 5 to D5- 6

Baltimore and Ohio Railroad Spurline

Design Criteria....................... D5- 7 toDS- 8

Horizontal and Vertical Alignment and
Miscellaneous Design

index Sheet...... . . . . . ... . . ... D5- 9
Mainline Horizontal Alignment..... o..... DS-10 to DS-22
Spurline Horizontal Alignment .. .. ... .... DS-23 to D5-26
Mainline Vertical Alignment . .. .. . .. . ... D5-27 to D5-33
Spurline Vertical Alignment...... o . . . .. D5-34 to D5-37
Drainage .......... ... . .. .. . . .. . . D5-3Bto D5-41
Coordinated Survey Points ........ DS-42 to D5-43
Clearances .. .. .. . ........ . . .... D5-44 to D5-45
COGO Program ...... ..... ..... D5-46 to DS-52

NOTE: The alignment geometry for the railroad relocations was
obtained by using a computer program. The computer
printout sheets in this Subappendix are from this
program. A description of the program, general
Information, general rules, and index of commands for
the program are at the end of this Subappendix on
Pages D5-46 through D5-52, inclusive.

NOTE The COGO Program has been verified by hand computations.

D5-2
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Chessie System N
EFFECTIVE DATE Arri: 7t. 101.7

REVISED DATE April 19. ;47;

ENGINEERING DEPARTMENT PROCEDURE BULLETIN

I:1STRUCTIO:N' Gr ' T!I: VUPERELEVATION OF TlE OUTER
PAIL AIND T!- SF ) CF TiA1I;S 0.4 CUHVkS

Degree S.EE I:; M::.S PER HOUR
of r

Curve 20 25 30 1 35 LO 45 50 1 55 i60 65 70 75

C-15 0 0 /,1 1/2 11 1/2 1 1/2 1/2 3/b 3/b 1 1
0-30 1/ b 1/' . 1/' 3/4 3/b 1 1-1/4 1-1/2 1-3/b 2
o-L .  i/4.I 1/, 1/2 3/4 3/ l-1/ 1-1/2 1-3/L 2 2-112 3
1-00 2/L, 1/2 1/21 3/- 1 1-1/4 1-1/2 2 2-1/; 2-3/b 3-1/b 3-3/-
1-25 1/2 2/2 ' 1/ 1 2-1 2-1/2 3 3-1/2 -

S31-3/h
2-?0 1/2 /,2 1 1-1/b 1-1/2 2 2-1/2 3 3-1/2 b-i/ 5 5-1/:
1-L5 112 3/ 1-1/b 1-1/?2 2-./21 3 3-1/2 4 1 -3/ L 5-_31L
2-00 1/2 3/b 1-'/b -3/c 2-1/b 2-3/4' 3-1/4 ' 4-3/4 5-1/2
$-15 3/: 1 21-i/- 2 2-112 3 3-3/b -/2 5-1/b
2-30 3/b 1 1 1-1/2 2 2-3/4 3-1/2 4-/
2-L5 3/L 1-1/li 1-3/1 2-1/1 3 3-3/4 4-3/ 5-1/2

01/h 1-3/ 2-2 35 6
3-15 1 2-1121 2 2-3/4 3-1/2' L-I/2 5-1/2
3-30 2 2-2/2 i 2-1/, 2-3/ 3-3/bl L-3/tl 5-3/4
3-L5 1 I 1-3/b4 2-1/4 i3 " L 5 6

- 2-1/2 - 1/4--1/1, 5i
L-3o 1-./b 2 2-3/4 3-3/4 4-3/b 6
5-00 1-1/b 2 3 L b 5-1/L'
5-30 22 2 2 A/i 3-11/1,J1;-2/2i-/- - -i-1 /2 2 -112 1 3-1/1- L-3/41[

E-0 1-3/4 2-3/4 3-.3/L 5-i/bi
"-0 1-3/b, 3 4-1/L 5-I1/2
7-3c L-1/ 6
e:3: 2-1/4 3-1/2 5

9-00 2-1/b 1 3-3/, I 5-1/b
9-30 2-11/i 3-3/4 { -112

10-00 2-3/tL 5-3/b
10-30 2-3/1 b-1/b F -- o.ooo660V

11-00 2-3/4 4-1/;' E a Superelevation
110 3 L-3/b in Inches
12-00 3 -3 D a Degree of Curve
14-00 3-3/b 5-3/4 V ft Speed in Miles
16-00 b-i/b Per Hour
1-00 4-3/20-00 5-1/bI

TABLE A
EQUILIBRIUM ELEVATION

-55



Chesse System BULLETIN NUMBER
EFFECTIVE DATE ArrTil.,.
REVISED DATE vii IS. I"--

ENGINEERING DEPARTMENT PROCEDURE BULLETIN

.S:.. .UC:.. GOVE . I T!.: SUPER.ELEVATION OF THe OUTER
RA"L AND THE SPEED ui' T'AlAS On' CLV1VLZ

egrree Elevation In Inches
cf

Curve 0 1 1 1 2 22 3 3 1, 14 ,

0-?0 76 8 6 93 00
o-b, 62! 69 76 2 . 87 93 97 1. _102

1-00 53 6oi 65 71 7 6, 80 85 89 93 96H
1-1.! 18. 5?I 59 63 68 72 76 79 83 86 89

1-30 1,14' 4 ,95 08 62 65 69 72 76 79 82
1"5 Lo h. 50 54 57 - 61 64 1 67 70 71 76
2-00 -3 42 6 50 53 1 57l 60 63 65f 68 71
2-15 36 ,40 1414 17 50 5h 56 59 62' 64 672-30 45 381 18 51 53 16 59 61 63
2-15 32 36 40 i 43 b46 1 8  1 1 5...6 I58 .60

3-C 31 35 38 14 4 46~ 49 51 53156 8
3-15 ?0 33 36 39 2 ,45 471 f 49 51 514 56
3-3c 29 32 35 38 40 43 45 L7 49 52 53
3"5 28 331- 4 3U39 1 4 '1 4I 4 6 148 0o 2'-00 27 0 3 38 i 4 46 48 50
6-30 215 28 31 33 361 38 0 142 4 5 0 17
5-00 2L 27 29 32 314 36 38 1 40 141 143 45
g-30 2 3 25 28 10 32 314 36 30 I4 14 h
9-0 22 L *27 29 31 33 35I 3 1419-+

(-3C 21 23 26 28 30 31 33 35 36 138 39
7-00 20 23 25 27 29 30 321 3r 35 36 38
7-3C 20 2?2 2h 26 28 29 31 1 32; 31 36 37

-0-- 23. -7-3725' 27f 28 F 3,3 33 3L4
8-?o 18 20 22i 21 26 281 29 1 30 32 33 3L
9-02 18 20 22 24 125 27 281 30 31 32 ?3
9-30 17 19 21 23 25 26 27129 30 31 3

10-00 i7]19- 21 227 124 N52 2 29 30 32
.0-30 16 18 20 22 23 25 26 27 29 30 31
11-00 16I 18 i 21 23 214 26 27 28 29 30
11-30 161 Zlp8 i9 21 22 24 25 26 27 28 29-12-- - fT'-- f -F - o--2 - 2- -- 26 a e

120 5 117 2 21 202 3 2 2
114-00 11 16 17 1" 9 20 21 23 214 25 26 27

16-0 13 15 16 18 19 20 21 22 23 21 25
ie-O0 13 2 I15 17 18 19 20 21 22 22 23

20-00 12 1 3 1 1 16 17 18 19 1 19 20 21 22

TABLE C
NAXDEUW ALLWVABLE SPF2 POR FREIGHT TRAINS

DS-
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DESCRIPTION OF PRO3 t

General Concept

The COGO programming system is designed specifically for civil enCineering gecmetry
problems. It may, however, be used in other application areas; in fact, there is
almost no limit to the applicability of the system concept.

COGO is based on a vocabulary used by the engineer to state his problem. The
statement of the problem in this familiar vocabulary and the input of these
statements to the computer are all that is necessary to generate the soluticn
to the problem. No programing, in the usual sense of the word, is necessary.

For example, an engineer interested in determining the area of the enclosed plat
7-5-3-8 states the problem as shown in Figure 1. The information in Figure 1
(with the exception of the diagram) is entered into the computer and the area
is typed out automatically. One begins by giving the known information to the
computer and then commanding it to perform specific functions on the known or
previously calculated data. In this case the connand AREA is used. It asks the
computer to find the AREA of the enclosed polygon. Appearing right after the
command is the result, so that the engineer can follow the sequence of calculation
and keep a high degree of familiarity with the pro~le-.

If the engineer wants the distance between points S and 8, he enters the comm.and
DISTANCE S-8. The distance between points S and 8 is then typed out by the
computer.

In practice, the engineer, using a sketch of his problem, writes the description
oi his problem and how to solve it as if he were solving it by hand. As a guide
he follows the command descriptions shown later in this manual. Once he has
written the commands on paper, he has a "computer program" for his problem. He
then punches these on cards for entry into the 360. No intermediate prograziming
is necessary.

Basis of System

The COGO Programming system is based on the repetitive use, by many different
programs, of common data storage. This common data storage area is known as
the "coordinate table". The engineer uses the COGO vocabulary to locate points
on a traverse, subdivision, or along some align..ent, etc. The points may be
used in later calculations by other COGO commands and may be printed for immediate
use. The engineer gives each point an identification number and refers to that
point by number whenever it is needed.

1201.001 N STORE 7 1000.000 1200.000
1875.812 E 3 850.000 1675.152

1000.000 N S . 8 675.217 1801.8!6
1200.000 E 5 1201.001 1875.81.

7
AREA 7 5 3 8 7

AREA a 1844b3.3598 sq ft. - 4.23 AMS

5 DISTANCE S 6

8 n 850.000 N From PT S to PT 8 DIST 9 9s.30ic,
675.217 N 1675.152 E
1801.816 E

FIGURE 1
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GENERAL lNFORtTIO\

Operators. In 36O CO6, distances, angles, and azimuths can be specified by usinL
an operator (a single character) and the required number of identifying points.
Fur exanpe, if two points of a line are know but the unknown distance is requirvo
as part of a command, the operator D may be used as follows to input the distance:

D 21 22

(where points 21 and 22 are the two known points of the line). In this case, if
the operator were not used, the distance would have to be calculated either
manually or by a previous run.

The following operators will be used to denote values to be calculated from
known. points:

Operator Points Description

D XXX YYY Denotes a straight-line cistance
from point XXX to point YYY.

A XXX YYY Denotes the Azimuth froa. point XXX
to point YYY.

G XXX iY ZZ C enotes the angle at point \Y, clock-
wise from XXX to ZZZ.

At least one olank must be used before an operator but is optional after the
operator. A blank must appear between the point numbers.

Bearings. Bearings are entered into command cards by either the quadrant method
or tnc N,S,E,W deliiter method. In the former, a bearin; is entered as quadrant,
degrees, minutes, and seconds. The quadrant is coded as follows: NE=l, SE-2,
SW-3, NW-4. For exanpe, 1 30 05 58.0 is the code for N 300 S'S8.0"E.

In the delimiter method, the angie must be bracketed by the characters S or N (on
the left) and E or W (on the right). At least one blank rust precede each delimiter;
blanks fcllowing a delimiter are optional. Looking at the same example as above,
N 30 OS 58.0 E is the code for N 300 5'58.0" E.

iAn. azi :hi. Angles and azimuths are entered as degrees, minutes, and
se . Fo3 example 75 0 5.0 is the code for 750 0' 5.0". (However, degree of
curvature is given in decimal degrees.)

Note that at least one blank column separates degrees from minutes, and minutes
from seconds. Deirees and minutes should be entered as integer quantities; the
seconds must contain a decinal point and can contain decimal digits as we:.
Only the degrees portion carries a sign. To conform with practice, azimuths must
be e-ered as pcsit2'.'c c.ant:tie, reasr:. clcck.,i!c frc the north.

:er-' and staII nesatI.' angle!. :cris rust be inciudeJ in the data. Fcr exa-.oe,
an angle ot zero aegrees, zero minutes, and zero seconds must be entered as 0 0 0.0.
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With counterclockwise angles (negative angles) of less than one degree (for example,
-0 12 27.0), use the 360 complement of the angle as the clockwise angle, since
minus zero is not distinguishable from plus zero. In the example given, -0
12 27.0 must be entered as 359 47 33.0.

Coordinate System

360 COGO uses a Y (North), X (East) coordinate system. Therefore coordinates
must be entered in this order. The output is also given in this order.

Legal Numbers

For input to any COGO command, the user is permitted a maximum of 16 numerical
characters plus a deciaml and a minus sign. (Leading and trailing zeros are
counted as numeric characters.)

COGO Output

The output of a COGO job is printed out on the printer. The output format has
answers interspersed with the listing of the input commands. The one exception
to this is the LOTS/COMP command which has the listing of the input command
suppressed to improve the output format.

.When cards are punched as output to the Du.p Command, the cards are punched
in the Store Command format in order that these same cards may be used for a
future run as store command input.

Coordinate and Curves

Up to 2000 points can be stored in 360 COGO. Number points from I to 2000.
Up to SO curves can be stored and referenced. Number curves from 1 to S0.

D 4
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GENERAL RULES

There are some general rules which should be followed when writing COGO Input.
Following the rules listed below can amount to a consaderable saving of both
tinc and computer costs by eliminating unnecessary reruns due to carelessly
written input.

1. Write clearly on input forms.
2. Supply all necessary data for each command.
3. Use the CLEAR Command at the start of a new job.
4. Use the END/OF/JOB Command at the end of each run.
5. Numerical input must not begin before column 12 when using Long Form Command.
6. Numerical Input must not begin before column 5 when using Short Form Comman..
7. The first column of a Comment Card shall contain an Asterisk (j -

t.e corz.ent itself shall not start before cclzn S an e%. :efnre

column 73.
8. An Asterisk (*) after the last input data on each card allo .s a con.n.ent

to be written in the remaining portion of the card. This corrnent must
end before co)umn 73.
NOTE: Allow at least one blank space between the last piece of data

and the Asterisk.
9. Angles are input in degrees, minutes, and seconds.

10. Mlinus angles must be signed for degrees only.

11. The LOTS/COMIP Command cannot be used once Plotting has been initiated
by the SCALE Command (#63) and until Plotting has been completed
by the SCALE Command (#75).
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INDEX OF CO'4!ANDS

NJumber Long Form Short Formn

I END/OF/JOB EOJ
2STORE STR

3 CLEAR CLR
4 DUMP DMIP
5
6 REDEFINE RED
7 EJECT EJT
8 DISTANCE DIS

9LOCATE/ AZ I MTh LA:
10 LOCATE/BEARING lB
11 LOCATE/ANGLE LAN
12 LOCATE/LINE LLN
13 LOCATE/DEFLECTION LDF
14 INVERSE/AZIMUTH IA:
is INVERSE/BEARING IBR
16 PARALLEL/LINE PL.X
V.' TANGENT/OFFSET TOF
is RT/TRI/HYP RTH
i9 RT/TRI/LEG RTL

:0ANGLE A.%G
21 ARC/POINT ARC
22 POINTS/INTERSECT PIN
23 AZ/INTERSECT AIN
24 BR/INTERSECT BIN
:5 DIVIDE/LINE DLE
26 ARC/LINE/POINTS ALP
:7 ARC/ARCIZNTERSECT AA
28 ARC/LINE/A: ALA
29 ARC/LINE/BR ALS
30 DIVIDE/ARC DAE
31 SEGMENT SEG
32 SEGMIENT/PLUS SPL
33 SEGI4ENT/MINUS SM4I
34 TANGENT TAN
35 SIMPLE/CURVE SC
36 DEFINE/CURVE DC
37 ALIGNMENT ALN
38 COORD/POA CPA
39 COORD/OFFSET COF
40 OFFSET/ALIGN OFA
41 STATION/FR'./COORD SFC
42 SIMPLE/SPIRAL S/,S
43 SPIRAL/LENGTH S/L
44 SPIRAL i'OFFSET 5/0
45 COORD/POSP COP
46 L INE / SPI114L L!S
4.' COMPOUND/SPIRAL C/S
48 SPIRAL/SPIRAL SS
49 CUi(VE/SPIRAL CS
so FIT/ALIGNMENT FA
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ARE AR
S2 AREA, -CIMIUTHIS Ak.A
53 AREA/BEARINGS ARB

-IARE \'STO, '

55 MU LT IPLY/ARE A NIUA
t TOTALAREA TOA

57 LOTS/COMP LOT
58 DIVIDE/AREA DA
59 ADJUST/DEFLECTION/LS ADS
60 ADJ UST/AIM' JT ., LS A
61 ADJUST/BEARINA-/L"s ABS

6-- VERTICAL/START %
63 VERTICAL/END V

E EVE N/S T ATI1ON S
t, OFFSEIT/ELEV

66 CURVE/DRAIN CD
SLOPE/LENG(;-H SL

65 SCALE scL
60PLOT PLT

-0 PLO2T LINES pi-L
-IPLOT,/CUR\L PLC

.7, PLOT/ALIGNMIENT PLA
73PLOT/POINTS PLP

PLOT! DASHL D
7S SCALE SCL
76 PLOT/SPIR.AL PLS
77 PLOT/DESCRIPTION P-1)
-8 PLOT/SYMBOL PTS
79 STOP/PLOT STP
8O OPEN/FILE OPS
31 CLOSE FILE 7
82 READ/FILE RET
83 WRITE/FILE WRF
84 R,/TRI/PT RTP
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